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The U.S. Geological Survey (USGS) is committed to serve the Nation with accurate and timely scientific 
information that helps enhance and protect the overall quality of life, and facilitates effective management of water, 
biological, energy, and mineral resources. (http://www.usgs.gov/). Information on the quality of the Nation’s water 
resources is of critical interest to the USGS because it is so integrally linked to the long-term availability of water 
that is clean and safe for drinking and recreation and that is suitable for industry, irrigation, and habitat for fish and 
wildlife. Escalating population growth and increasing demands for the multiple water uses make water availability, 
now measured in terms of quantity and quality, even more critical to the long-term sustainability of our communi-
ties and ecosystems.
The USGS implemented the National Water-Quality Assessment (NAWQA) Program to support national, 
regional, and local information needs and decisions related to water-quality management and policy. 
(http://water.usgs.gov/nawqa).  Shaped by and coordinated with ongoing efforts of other Federal, State, and local 
agencies, the NAWQA Program is designed to answer: What is the condition of our Nation’s streams and ground 
water? How are the conditions changing over time? How do natural features and human activities affect the quality 
of streams and ground water, and where are those effects most pronounced? By combining information on water 
chemistry, physical characteristics, stream habitat, and aquatic life, the NAWQA Program aims to provide science-
based insights for current and emerging water issues and priorities.  NAWQA results can contribute to informed 
decisions that result in practical and effective water-resource management and strategies that protect and restore 
water quality.
Since 1991, the NAWQA Program has implemented interdisciplinary assessments in more than 50 of the 
Nation’s most important river basins and aquifers, referred to as Study Units. 
(http://water.usgs.gov/nawqa/nawqamap.html). Collectively, these Study Units account for more than 60 percent 
of the overall water use and population served by public water supply, and are representative of the Nation’s major 
hydrologic landscapes, priority ecological resources, and agricultural, urban, and natural sources of contamination. 
Each assessment is guided by a nationally consistent study design and methods of sampling and analysis. 
The assessments thereby build local knowledge about water-quality issues and trends in a particular stream or aqui-
fer while providing an understanding of how and why water quality varies regionally and nationally. The consis-
tent, multi-scale approach helps to determine if certain types of water-quality issues are isolated or pervasive, and 
allows direct comparisons of how human activities and natural processes affect water quality and ecological health 
in the Nation’s diverse geographic and environmental settings. Comprehensive assessments on pesticides, nutri-
ents, volatile organic compounds, trace metals, and aquatic ecology are developed at the national scale through 
comparative analysis of the Study-Unit findings. (http://water.usgs.gov/nawqa/natsyn.html). 
The USGS places high value on the communication and dissemination of credible, timely, and relevant sci-
ence so that the most recent and available knowledge about water resources can be applied in management and 
policy decisions.  We hope this NAWQA publication will provide you the needed insights and information to meet 
your needs, and thereby foster increased awareness and involvement in the protection and restoration of our 
Nation’s waters. 
The NAWQA Program recognizes that a national assessment by a single program cannot address all water-
resource issues of interest. External coordination at all levels is critical for a fully integrated understanding of 
watersheds and for cost-effective management, regulation, and conservation of our Nation’s water resources. The 
Program, therefore, depends extensively on the advice, cooperation, and information from other Federal, State, 
interstate, Tribal, and local agencies, non-government organizations, industry, academia, and other stakeholder 
groups. The assistance and suggestions of all are greatly appreciated.
FOREWORD
Robert M. Hirsch
Associate Director for Water
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Abstract 1
Historical Water-Quality Data for the High Plains 
Regional Ground-Water Study Area in Colorado, 
Kansas, Nebraska, New Mexico, Oklahoma, 
South Dakota, Texas, and Wyoming, 1930–98
By David W. Litke
Abstract
The High Plains aquifer underlies 174,000 
square miles in parts of eight States and includes 
eight primary hydrogeologic units, including the 
well-known Ogallala Formation. The High Plains 
aquifer is an important resource, providing water 
for 27 percent of the Nation’s irrigated agricul-
tural lands in an otherwise dry landscape. Since 
the 1980’s there has been concern over the 
sustainability of the aquifer due to water-level 
declines caused by substantial pumping. Water 
quality of the aquifer is a more recent concern. As 
part of the U.S. Geological Survey’s National 
Water-Quality Assessment Program, historical 
water-quality data have been gathered for the 
High Plains Regional Ground-Water Study Area 
into a retrospective data base, which can be used 
to evaluate the occurrence and distribution of 
water-quality constituents of concern.
Data from the retrospective data base verify 
that nitrate, pesticides, and dissolved solids 
(salinity) are important water-quality concerns in 
the High Plains study area. Sixteen percent of all 
measured nitrate concentrations were larger than 
the U.S. Environmental Protection Agency 
drinking-water standard of 10 milligrams per liter. 
In about 70 percent of the counties within the 
High Plains study area, nitrate concentrations for 
1980–98 were significantly larger than for 1930–
69. While nitrate concentrations are largest where 
depth to water is shallow, concentrations also 
have increased in the Ogallala Formation where 
depth to water is large. Pesticide data primarily 
are available only in the northern half of the study 
area. About 50 pesticides were detected in the 
High Plains study area, but only four pesticides 
(atrazine, alachlor, cyanazine, and simazine) had 
concentrations exceeding a drinking-water stan-
dard. The occasional detection of pesticides in 
deeper parts of the Ogallala Formation indicates 
that contamination pathways exist. Dissolved 
solids, which are a direct measure of salinity, had 
29 percent of measured concentrations in excess 
of the secondary drinking-water standard of 500 
milligrams per liter. Comparison of dissolved-
solids concentrations prior to 1980 to concentra-
tions after 1980 indicates dissolved-solids 
concentrations have increased in the alluvial 
valleys of the Platte, the Republican, and the 
Arkansas Rivers, as well as in the Ogallala 
Formation–South hydrogeologic unit.
Water-quality results indicate that human 
activities are affecting the water of the High 
Plains aquifer. Because there is a potential for 
water quality to become impaired relative to the 
historical uses of the aquifer, water quality needs 
to be considered when evaluating the sustain-
ability of the High Plains aquifer. Data collected 
as part of the High Plains Regional Ground-Water 
Study will help to fill in gaps in water-quality 
information and provide additional information 
for understanding the factors that govern ambient 
water quality.
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INTRODUCTION
The High Plains Regional Ground-Water Study 
Area (also referred to in this report as the High Plains 
study area) encompasses the High Plains aquifer, 
which underlies 174,000 square miles in parts of  
eight States (fig. 1). The High Plains aquifer includes 
the well-known Ogallala Formation and is an impor-
tant national resource, providing water for agriculture 
in an otherwise dry landscape. About 27 percent of the 
irrigated land in the United States is in the High Plains 
study area, and about 30 percent of the ground water 
used for irrigation in the United States is pumped from 
the High Plains aquifer (Dennehy, 2000). Irrigation is 
the dominant water use, with irrigation withdrawals 
during 1995 totaling more than 15 billion gallons  
per day (U.S. Geological Survey National Water  
Information System data base). However, the aquifer 
also provides drinking water for 82 percent of the  
2.3 million people who live within the study area 
boundary (Dennehy, 2000).
 Substantial pumping of the High Plains aquifer 
for irrigation since about the 1940’s has resulted in 
water-level declines in some parts of the aquifer of 
more than 100 feet (McGuire and Sharpe, 1997). 
Concern about these declines and the sustainability of 
the aquifer led the U.S. Congress in 1984 to mandate a 
water-level monitoring program for the aquifer. Water 
quality of the aquifer is a more recent concern. States 
and local governmental entities have done local 
studies on water quality, but no comprehensive assess-
ment has been made of the entire aquifer. The U.S. 
Geological Survey (USGS) National Water-Quality 
Assessment (NAWQA) Program is an ongoing effort 
to document water-quality conditions across the 
United States, and the High Plains Regional Ground-
Water Study was instituted as part of NAWQA in 
1998. One of the first elements of NAWQA studies is 
a retrospective assessment of available water-quality 
information. This report summarizes the results of the 
compilation and assessment of historical water-quality 
data for the study area.
Purpose and Scope
The purpose of this report is to describe and 
assess historical (1930–98) water-quality data for the 
High Plains study area. This retrospective assessment 
gives an indication of where data are present or 
lacking and helps define the temporal and geographic 
extent of water-quality concerns, thereby providing a 
framework for the NAWQA study design. In this 
report, the compilation of historical data is described, 
including sources of data, data-base design, screening 
procedures and quality assurance of data, and charac-
teristics of the resulting data base. The data base is 
included in digital form as a companion to this report. 
Statistical summaries are presented for selected 
constituents in the data base. Finally, for some constit-
uents, temporal and spatial variability in concentra-
tions is described, and variability is examined relative 
to human and environmental factors that might affect 
concentrations.
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DESCRIPTION OF HIGH PLAINS 
REGIONAL GROUND-WATER STUDY 
AREA
 The High Plains occupy the higher elevation 
parts of the much larger Great Plains physiographic 
province, which lies between the Rocky Mountains on 
the west and the Central Lowland on the east. This 
high area, with elevations ranging from 7,800 feet on
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the west to 1,100 feet on the east, is a remnant of  
a vast plain formed by sediments of Tertiary age  
that were deposited by streams flowing eastward from 
the ancestral Rocky Mountains. The boundary of the 
High Plains is marked in some areas by an escarpment 
formed by ledges of the resistant cap rock of the  
Ogallala Formation. The land within the High Plains is 
characterized by gently sloping, smooth plains with a 
local topographic relief of less than 300 feet, which is 
ideal for agricultural use. The climate is dry: mean 
annual precipitation ranges from 16 inches in the 
western part of the study area to about 28 inches in the 
east. Because precipitation is small and slopes are flat, 
little runoff is available to produce streamflow. Most 
principal rivers in the study area flow through the 
High Plains but derive their water primarily from the 
Rocky Mountains to the west. Natural vegetation in 
this shortgrass prairie area was grama-buffalo grass, 
and the natural precipitation supports only drought-
tolerant crops such as wheat.
A vast ground-water reservoir underlying the 
High Plains was described as early as 1901 (Johnson, 
1901), but at that time the well technology was lacking 
to bring this deep water to the surface. Beginning in 
the 1930’s, advances in well technology made deeper 
wells feasible. Development of the High Plains aquifer 
started in Texas, where depths to water were small, 
and expanded northward. During 1949–78, irrigated 
acreage in the High Plains increased from about  
2 million acres to 13 million acres, and ground-water 
pumpage increased from about 4 million acre-feet to 
23 million acre-feet (Gutentag and others, 1984). The 
High Plains aquifer currently (2000) sustains the 
economy and population of the region by providing 
water for irrigation and public water supplies.
These large changes in land use and water use 
have increased the complexity of the water budget of 
the High Plains study area. Prior to development, 
water fluxes were relatively small and in dynamic 
equilibrium. The total volume of drainable water in 
storage in the High Plains aquifer was equivalent to a 
column of water about 30 feet deep across the 
174,000-square-mile extent of the aquifer (Gutentag 
and others, 1984). Precipitation recharged the aquifer 
at a rate of about 0.6 inch per year (Weeks and others, 
1988). Small quantities of water left the aquifer in the 
form of discharge to springs and streams. Subsequent 
to development, ground-water pumpage has removed 
an amount of water equivalent to about 2 feet of water 
from the aquifer, or about 7 percent of the original 
total (Dugan and Cox, 1994). However, in addition to 
removing water from the aquifer, ground-water 
pumpage has increased the internal cycling of water 
within the aquifer, with about 2 inches of water 
pumped from the aquifer each year (U.S. Geological 
Survey National Water Information System data base, 
1999) and as much as 10 percent of that water 
returning to the aquifer each year (Dugan and Zelt, 
2000). Agricultural practices also can increase the rate 
of recharge to the aquifer; for example, water can 
more easily percolate downward from fallow fields 
and from fields where crop growth is at an early stage, 
as compared to areas covered with natural vegetation. 
Estimated recharge to the High Plains aquifer in Okla-
homa is almost three times as large as it was prior to 
development of the aquifer (Luckey and Becker, 
1999).
The High Plains study area is identical in areal 
extent to the High Plains water-table (unconfined) 
aquifer as defined by the U.S. Geological Survey’s 
Regional Aquifer-System Analysis Program (Weeks 
and others, 1988). The principal geologic unit of the 
High Plains aquifer is the Ogallala Formation, which 
consists of a sequence of unconsolidated clays, silts, 
sands, and gravels of Tertiary age (2 to 65 million 
years old). In addition to the Tertiary-age Ogallala 
Formation, the High Plains aquifer also includes older 
materials (sandstones and siltstones of the Arikaree 
and Brule Formations of early Tertiary age in the north 
part of the study area) and younger Quaternary mate-
rials deposited on top of or adjacent to the Ogallala 
Formation (windblown sands primarily in the Sand 
Hills of Nebraska; alluvial deposits in central Kansas 
and along present-day river valleys; and glacial 
deposits in eastern Nebraska). For summarizing water 
quality in this report, the High Plains aquifer has been 
subdivided into eight hydrogeologic units: Ogallala 
Formation–North, Ogallala Formation–Central, Ogal-
lala Formation–South, Arikaree-Brule Formations, 
Nebraska Sand Hills, Kansas Quaternary Deposits, 
Nebraska Quaternary Deposits, and Valley-Fill Allu-
vium (fig. 2). The Ogallala Formation was subdivided 
into three hydrogeologic units due to its large 
geographic extent within the study area. Although the 
High Plains aquifer has been subdivided into these 
hydrogeologic units, it is recognized that within the 
individual units there could be sediments of varying 
age (Gutentag and others, 1984; Smith, 1940). The 
individual hydrogeologic units differ in several ways 
(table 1). The most-used units, as measured by water
DESCRIPTION OF HIGH PLAINS REGIONAL GROUND-WATER STUDY AREA 5
Area of bedrock or no saturated thickness
Arikaree-Brule Formations
Kansas Quaternary Deposits
Nebraska Quaternary Deposits
Nebraska Sand Hills
Ogallala Formation—North
Ogallala Formation—Central
Ogallala Formation—South
Valley-Fill Alluvium
EXPLANATION
0
0 50 100 150 200 KILOMETERS
105°
40°
32°
100°
50 100 150 200 MILES
SOUTH DAKOTA
NEBRASKA
KANSAS
OKLAHOMA
TEXAS
WYOMING
COLORADO
NEW MEXICO
Figure 2. Hydrogeologic units within the High Plains study area.
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use and percentage of irrigated area, are the Nebraska 
Quaternary Deposits, the Valley-Fill Alluvium, and 
the three Ogallala Formation units in which the inten-
sity of use increases from north to south. Median depth 
to water is small and saturated thickness is large in the 
Nebraska Sand Hills, but water use in this unit is small 
due to rough topography and sandy soils. Water use is 
large and median depth to water is small in the Valley-
Fill Alluvium. In contrast, water use is large and 
median depth to water is largest for the three Ogallala 
Formation units.
The environmental setting of the High Plains 
study area has been described in detail in previous 
reports (Gutentag and others, 1984; Weeks and others, 
1988). For the purposes of this retrospective analysis, 
selected environmental characteristics were compiled 
for comparison with water quality. Selection of rele-
vant environmental characteristics was accomplished 
through a review of previous water-quality studies.
SUMMARY OF PREVIOUS WATER-
QUALITY STUDIES
There are more than 100 references to water 
quality cited in a bibliography of water-related studies 
for the High Plains study area that was compiled as 
part of the NAWQA study (Gerhard Kuhn, U.S. 
Geological Survey, written commun., 2000). In this 
bibliography, the most common constituent keyword 
was nitrate (70 references), followed by dissolved 
solids (45 references), pesticides (37 references), 
radiological constituents (23 references), bacteria (13 
references), organic compounds (11 references), and 
trace elements (8 references). The frequency of cita-
tion is indicative of the most common water-quality 
concerns within the High Plains study area.
Water-quality studies have been conducted at 
scales ranging from regional to site-specific. Because 
the retrospective data base is aquifer wide, the results 
of regional studies are more pertinent to this analysis 
than are site-specific studies. Regional studies are 
listed in table 2 along with environmental factors 
found to be related to water quality. Early studies 
focused on salinity (dissolved solids) because high 
salinity can affect the use of water for irrigation and 
because extensive irrigation can lead to increased 
salinity. Krothe and others (1982) estimated that 
dissolved-solids concentrations were in excess of 500 
milligrams per liter (mg/L) over 19 percent of the area 
of the High Plains aquifer. Areas of large dissolved-
solids concentrations were primarily related to the 
underlying bedrock type but also occurred in irrigated 
alluvial valleys. A study in Texas (Reeves and Miller, 
1978) related high salinity to bedrock type and to 
seepage from playa lakes. This Texas study also was 
among the first to document large nitrate concentra-
tions, which were related to irrigation intensity and 
soil properties. A study of ground-water quality in 
Nebraska (Engberg, 1984) focused on major ions and
Table 1. Selected characteristics of hydrogeologic units within the High Plains study area
[Mgal/d, million gallons per day]
Hydrogeologic unit
Area 
(square 
miles)
Estimated 
water use in 
1995
(Mgal/d)1
Median 
saturated 
thickness
(feet)2
Median 
depth to 
water
(feet)2
Percentage 
of area 
irrigated3
Ogallala Formation–North 37,700 2,700 110 110 10
Ogallala Formation–Central 35,100 4,100 120 160 15
Ogallala Formation–South 27,000 4,200 60 120 19
Arikaree-Brule Formations 19,400 480 220 64 5
Nebraska Sand Hills 22,500 700 540 20 5
Kansas Quaternary Deposits 5,600 360 87 28 9
Nebraska Quaternary Deposits 10,800 2,100 170 79 34
Valley-Fill Alluvium 8,000 41,000 4120 18 26
1Estimated using data from USGS National Water Information System data base.
2Estimated using 1997 well data (Sharon Qi, U.S. Geological Survey, written commun., 1999).
3Estimated using 1980 irrigated lands data (Thelin and Heimes, 1987).
4Water use and saturated thickness in the Valley-Fill Alluvium may include contributions from underlying High Plains hydrogeologic units.
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dissolved solids but listed nitrate as the most pervasive 
potential problem constituent. In the late 1980’s, 
water-quality surveys began to document widespread 
occurrences of elevated nitrate concentrations. A 
survey of farmstead wells in Kansas (Steichen and 
others, 1988) reported nitrate in excess of the U.S. 
Environmental Protection Agency drinking-water 
maximum contaminant level (MCL) in 28 percent of 
wells sampled; and a compilation of data in Nebraska 
(Exner and Spalding, 1990) reported the nitrate MCL 
exceeded in 20 percent of the wells sampled. These 
studies attributed large nitrate concentrations both to 
site-specific factors (depth to water, well construction, 
age of well) and to broader geographic factors (irriga-
tion intensity, land use, soil properties). However, 
statistical correlations between nitrate and explanatory 
variables often were poor due to the large variability in 
environments across large geographic areas and due to 
a mixed population of wells affected by point sources 
and of wells affected by nonpoint sources. A study 
restricted to nonpoint-source contamination in the 
High Plains aquifer in Nebraska (Druliner and others, 
1996) found significant relations between nitrate 
concentrations and age of well (likely indicative of 
longer histories of chemical application), irrigation 
intensity, and soil permeability. A study restricted to 
nonpoint-source contamination in the High Plains 
aquifer of Kansas (Helgesen and others, 1994) found 
land use to be a statistically significant variable rela-
tive to nitrate concentrations. Recent regional studies 
(Center for Disease Control and Prevention, 1998; 
Nolan and others, 1997) have confirmed that ground 
water in the High Plains area is susceptible to nitrate 
contamination.
Surveys of the occurrence of pesticides in 
ground water began appearing in about 1990 for 
Table 2. Summary of selected water-quality studies conducted within the High Plains study area
Reference
(Area of study in parentheses)
Environmental characteristic related to water quality
Site-specific characteristic Geographic characteristic
Well 
depth
Depth to 
water
Age
of well
Well
construction
Land 
use
Chemical 
application 
rate
Irriga-
tion 
intensity
Soil
proper-
ties
Bedrock 
type
REGIONAL STUDIES
Center for Disease Control and 
Prevention, 1998  
(Midwestern States)
X X X
Krothe and others, 1982  
(High Plains)
X X X
Nolan and others, 1997  
(Nationwide)
X X
STATEWIDE WITHIN HIGH PLAINS
Engberg, 1984 (Nebraska) X X X
Exner and Spalding, 1990 
(Nebraska)
X X X X
Druliner and others, 1996 
(Nebraska)
X X X X X
Gosselin and others, 1997 
(Nebraska)
X X X X X X
Helgesen and others, 1994 
(Kansas)
X
Hopkins, 1993 (Texas) X
Nativ, 1988 (Texas, New Mexico) X X
Perry and others, 1988 (Kansas) X X
Reeves and Miller, 1978 (Texas) X X X
Spalding, 1991 (Nebraska) X X X
Steichen and others, 1988 
(Kansas)
X X
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Kansas (Steichen and others, 1988), Texas (Aurelius, 
1989), and Nebraska (Exner and Spalding, 1990). 
Pesticide studies historically have been constrained by 
analytical considerations (high cost of analysis, large 
detection limits, and lack of analytical techniques for 
pesticides of interest). These early studies generally 
reported pesticide detections in only a small propor-
tion of sampled wells, with large concentrations of 
pesticides occurring rarely; but the documentation of 
pesticide occurrence in ground water was important 
because it showed that synthetic chemicals did migrate 
into aquifers. Pesticide properties such as water solu-
bility, degradation half-life, and soil sorption index 
were recognized to cause the mobility of pesticides in 
the environment to differ from nitrate and from each 
other. Atrazine, one of the most heavily used pesti-
cides, has chemical properties favorable for mobility 
in the environment; as a result, atrazine has docu-
mented occurrence rates as large as 13 percent of wells 
sampled (Exner and Spalding, 1990). However, occur-
rence rates in Kansas and Nebraska were found to be 
highly variable, based on regional environmental 
conditions. Given the complexity of pesticide mobility 
in the environment, many recent studies have focused 
on farm-field scale examinations of pesticide move-
ment (see, for example, Sophocleous and others, 
1990).
Despite the smaller geographic scope of 
previous water-quality studies, the findings of these 
studies can help guide the analysis of High Plains 
retrospective data. The historical studies show that 
water quality has changed in the High Plains NAWQA 
study area; the studies also indicate which water-
quality constituents are of most concern. Historical 
studies suggest that stratification of study areas into 
smaller, more homogeneous areas is useful for data 
analysis and provide insights into selection of environ-
mental factors that may affect water quality.
SOURCES AND CHARACTERISTICS OF 
AVAILABLE WATER-QUALITY DATA
Data compiled for this retrospective analysis 
include ground-water-quality data available in digital 
format for 1930–98. A data survey was conducted 
during the summer of 1998. Employees of the USGS 
in each of the eight States within the High Plains study 
area contacted Federal, State, and local agencies to 
identify available data. As a result of this effort, 67 
ground-water-quality data sets were inventoried. 
Water-quality data sets ranged in scope from small 
spreadsheet data sets for specific projects maintained 
by local agencies to large, comprehensive data sets 
from multiple agency sources compiled by State and 
Federal agencies. The large, comprehensive data sets 
were preferentially acquired because they included 
many of the smaller agency data sets and because data 
quality was previously evaluated. Data sets were not 
acquired if they were not available in digital format.
Data-Selection Criteria and Screening 
Procedures
Minimum requirements were established for 
inclusion of data into the retrospective data base to 
ensure compatibility of data for analysis. Location of 
the well, aquifer source, sampling date, and descrip-
tion of each water-quality constituent were required.
Location of the well, in the form of latitude and 
longitude, was required to enable geographic analysis 
of water-quality data. The accuracy of location varied 
depending on the method of determination, and when 
known, an accuracy code was assigned to each well 
location. About 75 percent of the sites have good loca-
tion accuracy (accurate within 300 feet). 
An indication of the aquifer source of the 
sampled water was required. The most straightforward 
indication of water source was an assigned aquifer for 
the well. For wells without an assigned aquifer, well-
depth information was required. The aquifer source of 
sampled water was then deduced on the basis of the 
location of the well relative to the eight defined hydro-
geologic unit boundaries, supplemented by compar-
ison of well depth with geographic information system 
(GIS) information about elevation of the bottom of the 
aquifer.
For water-quality measurements, a sampling 
date was required. Measurements in the data base go 
back as far as 1930. In some cases, only the year of the 
sampling was known, and these were arbitrarily 
assigned a date of January 1 for the year of sampling. 
In other cases, only a year and month were known; 
these samples were arbitrarily assigned a sampling 
date of the 15th of the month. A time of sampling was 
not required; where a time was missing, a value of  
–9999 was coded for time. For water-quality measure-
ments, a specific description for each constituent also 
was required so that each measurement could be 
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assigned a parameter code from the USGS parameter 
code dictionary (Garcia and others, 1997).
Additional data fields were included in the data-
base design to provide more complete information 
about sites and water-quality measurements, but infor-
mation for these fields was not required for inclusion 
of data into the data base. Additional information 
available about sites includes land-surface datum, 
primary water use, date of well completion, casing 
material, and aquifer and well openings information. 
Additional information available about water-quality 
measurements includes data quality, data project, and 
data agency. A more complete description of the tables 
and fields included in the data base is provided in the 
Appendix of this report. Detailed information also is 
provided about the design and use of the retrospective 
data base. The data base is provided as part of this 
report on CD-ROM, in both proprietary (Microsoft 
Access) and nonproprietary (tab-delimited ASCII 
files) formats.
Quality Assurance of Data
Each contributing data source is the primary 
agency providing for the quality assurance of data, and 
where available, references to these quality-assurance 
procedures are included in the data base. A data-
quality-rating scheme was developed (table 3); in this 
scheme, each water-quality measurement was 
assigned a quality rating from 0 to 4, based on criteria 
about sampling procedures, field quality-assurance 
practices, and laboratory analytical methods. Similar 
schemes are used by the Nebraska Water Sciences 
Laboratory (Mary Exner, University of Nebraska, 
written commun., 1999) and the Texas Water Develop-
ment Board (Nordstrom and Quincy, 1997). In some 
cases water-quality measurements were assigned a low 
data-quality rating only because information about 
field and laboratory methods used was not available.
In addition to quality-assurance checks done by 
source agencies, additional simple data-verification 
checks were made on selected data fields in the retro-
spective data base. Descriptive statistics for constitu-
ents were calculated to check for outliers or 
inconsistent values (for example, large negative water 
temperatures); where these types of data values were 
discovered, data were verified or excluded from the 
data base. Geographic checks were made on ancillary 
well information by using a GIS; for example, county 
codes were verified by comparison with a county 
boundary map, and sites with conflicting location 
information were excluded from the data base.
 Content of Retrospective Data Base
Eleven data sets were incorporated into the 
retrospective data base (table 4) representing data 
collected by 43 agencies. Sixty percent of the data 
were acquired from Federal agencies (USGS, USEPA, 
Center for Disease Control and Prevention, U.S. 
Department of Energy), 30 percent from State agen-
cies (primarily the Nebraska Water Sciences Labora-
tory and the Texas Water Development Board), and 
about 10 percent from local agencies (notably the 
Equus Beds Groundwater Management District  
No. 2). After screening and quality assurance were 
completed, the retrospective data base contained 
29,041 water-sampling sites, 58,731 ground-water-
quality samples, and 1,003,868 observations (in this 
report, the word observation is used to refer to any 
physical measurement or analytical result available for 
a sampled well). About 22,500 of the sites had only
Table 3. Criteria for rating data quality
[USEPA, U.S. Environmental Protection Agency]
Quality
rank
Data ranking criteria
Sampling procedure Field-quality assurance Laboratory-analytical method
0 Unknown Unknown Unknown
1 Grab sample None Not a USEPA-accepted method
2 Follows accepted sampling procedures None or unknown A USEPA-accepted method
3 Follows accepted sampling procedures Field duplicates or blanks A USEPA-accepted method
4 Strict sampling protocols Field duplicates and blanks A USEPA-accepted method
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one sample collected, but 6,545 sites had more than 
one sample collected, including 716 sites that had 10 
or more samples collected. The number of observa-
tions per sample ranged from 1 to 253, with an average 
of 17. The average number of observations per sample 
ranged from 3 for sites from the Nebraska Water 
Sciences Laboratory data set (a pesticide and nitrate 
data set) to 30 for samples from the New Mexico 
Environment Department Drinking Water Bureau data 
set (a finished drinking-water data set) and from the 
Central Nebraska NAWQA study data set (a compre-
hensive ambient water-quality data set).
The locations of water-quality sampling sites are 
shown in figure 3. Of the 236 counties that intersect 
with or are included within the study area, 222 have at 
least one water-quality site. The largest number of 
sites within a county is 796 for Gaines County, Texas, 
which is located near the southern boundary of the 
study area. About one-half the counties in the study 
area have at least 100 water-quality-sampling sites. 
Areas with few sampling sites include the Sand Hills 
area of Nebraska and areas in Colorado, New Mexico, 
Kansas, and Oklahoma where the saturated thickness 
of the aquifer is small. Patterns in the location of 
sampling sites sometimes are indicative of specific 
projects. For example, the high density of sites in the 
Wichita, Kansas, area (east-central Kansas) is due to 
projects investigating salinity in ground water used for 
water supply. The grid-like pattern of sites in parts of 
Nebraska and Kansas is due to sampling done as part 
of the National Uranium Resource Evaluation 
(NURE) program (Smith, 1999) of the Department of 
Energy.
The retrospective data base includes results for 
733 parameters. These can be grouped according to 
constituent or measurement type, and the number of 
observations in the data base for each group for the 
years 1950 to 1998 is shown in figure 4. The most 
common parameter group is the major ions (77 param-
eters; 369,111 observations). This group includes the 
primary substances dissolved in water that contribute 
to dissolved solids (salinity), such as sodium, calcium, 
chloride, and sulfate. There are at least 2,000 observa-
tions for major ions for every year from 1950 to 1998. 
The second most common parameter group is physical 
measurements (28 parameters; 136,040 observations), 
which include properties of water such as dissolved 
oxygen, pH, specific conductance, water temperature, 
and suspended solids. The temporal pattern for phys-
ical measurements is similar to that of major ions but 
with fewer observations because there are fewer 
parameters in this group. The third most common 
group is trace elements (58 parameters; 116,072 obser-
vations). However, the temporal pattern of trace-
element observations is different than the pattern for 
major ions and physical measurements; most observa-
tions occurred after 1960 and during only a few years, 
in particular during 1977–79, when data were 
collected as part of the NURE program. Data for the
Table 4. Data sources for the retrospective data base
[NAWQA, National Water-Quality Assessment Program; USEPA, U.S. Environmental Protection Agency]
Source of data Number of 
agencies
Number of
sites
Number of 
samples
Number of
observations
Center for Disease Control and Prevention 1 553 553 2,212
Colorado Department of Public Health and Environment 1 210 210 8,494
Equus Beds Groundwater Management District No. 2 1 342 3,483 30,268
Nebraska Water Sciences Laboratory 17 6,302 11,967 41,467
New Mexico Environment Department Drinking Water Bureau 1 234 2,386 70,484
Oklahoma Department of Environmental Quality 1 212 347 10,766
Texas Water Development Board 13 6,399 9,612 206,869
U.S. Geological Survey National Water Information System 1 8,453 23,284 468,894
U.S. Geological Survey, Central Nebraska NAWQA Study 4 1,254 1,263 38,008
U.S. Department of Energy by way of U.S. Geological Survey, 
Geologic Division
1 3,865 3,865 82,662
USEPA Storage and Retrieval (STORET) data base 2 1,217 1,761 43,744
TOTAL 43 29,041 58,731 1,003,868
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nutrients group, which includes nitrate, have generally 
increased from about 1960 to the present, except for 
the large number of observations in the late 1970’s. 
The pesticides and volatile organic compounds groups 
include the largest number of parameters and have 
similar numbers of total observations (about 90,000); 
however, few data were available for these groups 
prior to 1985. Few data exist for radiological param-
eters, probably because few laboratories do these anal-
yses and the cost is high. Few data exist for bacterio-
logical parameters in the data base. This group 
includes coliform bacteria counts, which commonly 
are determined by public health department laborato-
ries for domestic water-supply wells. However, these 
data were not incorporated into the retrospective data
Figure 3. Location of sampling sites in the High Plains retrospective data base.
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base because ancillary information about the sampled 
well generally was not available.
The geographic distribution of water-quality 
observations varies among parameter groups (fig. 5). 
For example, nutrient data are available throughout the 
study area, but pesticide data exist primarily for 
Nebraska. Nutrient data generally consist of fewer 
than 10 observations at a site and often consist of a 
single nitrate observation. In contrast, pesticide data 
generally consist of more than 10 observations at a site 
because pesticides commonly are analyzed in the labo-
ratory as a suite of compounds. For trace-element data, 
observations are distributed throughout the study area, 
but sites with 10 or more observations are in areas 
where NURE data are available. Observations for 
volatile organic compounds are sparse in the study 
area and generally are clustered in areas where local 
studies have been done or where drinking-water moni-
toring programs exist.
Site Characterization
Ancillary information about the sampled well 
sites is included in the data base. In some cases, site 
information is available that was gathered onsite at the 
time of sampling or that was acquired by cross refer-
ence with well-permit files. This site-specific informa-
tion generally is the most accurate type of ancillary 
information, but often is unavailable. The number of 
sites having various types of site-specific ancillary 
information is shown in figure 6. Well depth informa-
tion was available for 94 percent of the wells; depths 
ranged from less than 10 feet to 1,703 feet and had a 
median value of 160 feet. Well-type information was 
available for 88 percent of the wells; among these,  
93 percent were installed for water withdrawal and 
only 7 percent (1,772 wells) were installed as observa-
tion wells. Water-use-type information was available 
for 90 percent of the wells; among these, 43 percent 
were used for irrigation, 28 percent were used for 
domestic water supply, 11 percent were unused, 9 
percent were used for livestock, 7 percent were used 
for public supply, and 2 percent were used for other 
water uses. About one-third of the sites had informa-
tion about the age of the well; completion dates ranged 
from the year 1850 to 1997. Only about 22 percent of 
the wells had information about screened interval; 
therefore, for most water-quality observations there is 
a lack of information about the precise depth of 
sampled water.
Two important well characteristics are the 
aquifer source of water and depth to water, but only 57 
percent of the wells had aquifer information and only 
33 percent of the wells had a measured depth to water. 
Ancillary map information was therefore used to 
provide a more complete data base. Although the High 
Plains aquifer is the aquifer source, individual hydro-
geologic units were assigned to the aquifer data field 
in the data base. Well-site locations were compared to 
a map of hydrogeologic units (fig. 2) to assign units to 
wells that had no site-specific information; this 
process was automated using an overlay process 
within a GIS. Assignment of units using this process is 
reasonable where one unit does not underlie another 
unit. However, in some parts of the study area the 
Valley-Fill Alluvium unit or the Nebraska Sand Hills 
unit is underlain by Ogallala Formation units. Wells in 
these areas were assumed to be completed in the surfi-
cial unit. About half of the wells located in the Valley-
Fill Alluvium area (fig. 2) were assigned to the Valley-
Fill Alluvium unit in this way; the median depth of 
these wells was 60 ft. About two-thirds of the wells in 
the Nebraska Sand Hills area were assigned to the 
Nebraska Sand Hills unit in this way; the median 
depth of these wells was 135 ft. A GIS process also 
was used to check whether wells were completed at a 
level deeper than the bottom of the High Plains geohy-
drologic units. A depth-to-bedrock surface was gener-
ated by the GIS, using data for wells from the High 
Plains Water-Level Monitoring Network (Sharon Qi, 
USGS, written commun., 1999). Wells whose depths 
were substantially greater than the depth-to-bedrock-
surface value were assigned to bedrock aquifers and 
excluded from the water-quality data analysis.
Using similar GIS techniques, depth to water 
was assigned to the 67 percent of wells that had no 
site-specific information. A depth-to-water surface 
(fig. 7) was generated in the GIS by using 1997 water-
level information for wells from the High Plains 
Water-Level Monitoring Network (Sharon Qi, U.S. 
Geological Survey, written commun., 1999). To verify 
the accuracy of this method, site-specific depth-to-
water information (available for 33 percent of the 
wells) was compared with the 1997 GIS depth-to-
water surface; the median difference between these 
values was 22 percent. Depths to water estimated in 
this way ranged from less than 10 feet to 495 feet, with 
a median value of 67 feet.
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Characteristics determined by previous studies 
to be important to water quality (see tables 2 and 5) 
were assigned to wells by using GIS map information. 
Land use was mapped for the United States during the 
early 1980’s at a resolution of about 10 acres for agri-
cultural land (Fegeas and others, 1983) and remains 
the only detailed nationwide data set for land use for 
the United States. These land-use data, called GIRAS 
(Geographic Information Retrieval and Analysis 
System) data, were available for most of the study 
area, and 75 percent of the wells were assigned a land 
use by using this data set; among these wells, 73 
percent were in agricultural land use, 19 percent were 
in rangeland, 6 percent were in urban land use, and  
2 percent were in other land uses. Irrigation is an espe-
cially relevant part of agricultural land use, and the 
location of irrigated lands in the study area was most 
recently determined in 1980 as part of the USGS High 
Plains Regional Aquifer-System Analysis (RASA) 
project (Thelin and Heimes, 1987), in which irrigation 
was reported as the percentage of irrigated land in  
1-square-mile cells across the study area (fig. 8); the 
total irrigated area is 22,800 square miles (14.5 million 
acres). Irrigation intensity was assigned to retrospec-
tive wells by use of this RASA data set, and values 
ranged from no irrigated lands at a well to 99 percent 
irrigated land, with a median value of 19 percent irri-
gated land.
Agricultural land use is an important source of 
nitrogen to the land surface, with inputs from manure 
and fertilizer applications (fig. 9). County manure 
nitrogen-application rates can be estimated (Puckett 
and others, 1998) based on agricultural census counts 
of the number of animals in each county. Manure is 
generally applied to the land surface within 50 miles 
of where it is generated due to transportation costs. 
Manure application rates are relatively uniform 
because farm animals are generally widespread across 
the High Plains; counties with the largest rates gener-
ally are those where large cattle feedlots are located. 
County fertilizer nitrogen-application rates have been 
estimated (David Lorenz, U.S. Geological Survey, 
written commun., 1999) based on agricultural census 
data about fertilizer sales. In the High Plains study 
area, fertilizer nitrogen application rates are larger 
than manure nitrogen application rates. Fertilizer is 
applied to large contiguous areas in the High Plains 
study area, which relate to areas of high irrigation 
intensity. Fertilizer application rates are large in areas 
where corn is grown because corn has the largest 
nitrogen requirement among crops grown in the High 
Plains. To construct a variable representative of these 
nitrogen inputs, the manure and fertilizer input rates 
for each county were summed, and this total input rate 
was assigned to each sampled well in the county. Total 
nitrogen application rates among sites in the retrospec-
tive data base ranged from 1.2 pounds per acre to 142 
pounds per acre, with a median value of 46 pounds per 
acre. These rates are normalized to total county area 
rather than county crop area, so the application rate on 
fields may be several times larger, depending on the 
percentage of the county that is cultivated.
Soil type is an important part of site character-
ization because soil properties can affect the rates at 
which chemicals move though soils into the under-
lying aquifers. A nationwide soils data set (called 
STATSGO) from the U.S. Department of Agriculture 
(U.S. Department of Agriculture, 1991) includes a 
variable called Soil Hydrologic Group, which is a 
measure of infiltration rates through soils and drainage 
characteristics. To characterize retrospective data sites, 
the Soil Hydrologic Group variable was transformed 
into an area-weighted numeric variable ranging in 
value from 1 to 4 where 1 represents soils with low 
infiltration rates and 4 represents soils with high infil-
tration rates. Among retrospective sites, the infiltration 
variable ranged from 1.0 to 4.0 with a median value of 
2.94, which indicates that High Plains soils generally 
have moderately high infiltration rates. The 
geographic distribution of infiltration rates is shown in 
figure 10; for this figure, an infiltration variable value 
of 1 to 2 is classified as low, a value from 2.01 to 3 is 
classified as medium, and a value from 3.01 to 4 is 
classified as high.
Figure 6. Number of sites with selected site-specific  
information.
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Underlying bedrock type is an important site 
characteristic because water from underlying bedrock 
can migrate into High Plains aquifers and affect water 
quality. Information on bedrock age is available from 
maps published by the High Plains RASA project 
(Weeks and Gutentag, 1981). Bedrock age ranges from 
Permian to Tertiary, with older rocks generally in the 
southern half of the study area. Detailed information 
has not yet been compiled about the soluble-mineral 
content of the many bedrock units that underlie the 
study area, but in general the older rocks contain more 
soluble minerals than the younger rocks (Krothe and 
others, 1982). The older rocks generally contain water 
of moderate to high salinity, in particular the Permian-
age rocks in central Kansas and in the Texas and Okla-
homa panhandles, and the Lower Cretaceous-age 
rocks in Texas at the southern end of the study area 
(Krothe and others, 1982). Salinity (dissolved-solids 
concentration) as large as 33,800 mg/L has been 
reported in water from Permian-age rocks in south-
west Kansas (Gutentag and others, 1980). Among 
retrospective sites, about 70 percent are underlain by 
bedrock containing lower salinity water, while the 
remaining 30 percent are underlain by Permian- and 
Lower Cretaceous-age bedrock containing higher 
salinity water.
DATA-ANALYSIS METHODS
This report contains a descriptive summary of 
historical water-quality data. The extent of data anal-
ysis for individual constituents varies with the amount 
of data available and with the relevance of the indi-
vidual constituent to human health. Nonparametric 
descriptive statistics are presented for all the common 
or relevant constituents represented in the data base. 
Data for a smaller subset of constituents are compared 
with drinking-water regulatory limits. Finally, data for 
a few constituents historically of primary concern 
(nitrate, pesticides, dissolved solids) are analyzed in 
more detail.
Methods used for selecting data from the data 
base vary depending on the type of data analysis. For 
each data analysis presented in this report, the selec-
tion criteria are listed. Data are selected on the basis of 
date of sample, parameter code, number of samples 
per well, location of site, or data quality. The date of 
sample is relevant depending on whether historical 
information or recent information is needed. Param-
eter code is important because for some constituents 
there are numerous parameter codes which may not be 
equivalent. For example, there are six parameter codes 
for nitrate in the data base (table 6), and for a general 
descriptive analysis these can be aggregated (after 
adjustment of reporting units) using the assumption 
that nitrate concentrations in the solid phase are small 
and nitrite concentrations are negligible. Multiple 
observations from a single well might be used in a data 
analysis of temporal variation of a constituent, but 
only the most recent observation might be used if an 
average concentration for the aquifer is being calcu-
lated. Site location might also be considered when 
summarizing aquifer water quality to ensure that 
multiple wells clustered in a small location are not 
overrepresented relative to the entire aquifer. Finally, 
observations with a poorer data-quality rating might 
be included when doing descriptive nonparametric 
statistics (for which outliers are given less weight) but 
not included when doing a comparison of concentra-
tions with a water-quality limit (for which individual 
observations exceeding a limit are important). Data-
selection criteria are documented and discussed for 
each of the data analyses presented in this report.
Table 5. Geographic characteristics assigned to sites by using a geographic information system
Geographic
characteristic Data source type Reference
Hydrogeologic unit 1:500,000 scale map Weeks and others (1988).
Depth to water in 1997 Interpolated surface Sharon Qi, U.S. Geological Survey, written commun., 1999.
Land use 1:250,000 scale map Fegeas and others (1983).
Irrigation intensity LANDSAT imagery Thelin and Heimes (1987).
Nitrogen application rate County data Fertilizer: David Lorenz, U.S. Geological Survey, written commun., 1999; 
manure: Puckett, and others (1998).
Soil infiltration rate 1:250,000 scale map U.S. Department of Agriculture (1991).
Underlying bedrock 1:1,000,000 scale map Weeks and Gutentag (1981).
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Figure 8. Percentage of land irrigated during 1980 in the High Plains study area.
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Figure 9. Nitrogen application rates for manure and fertilizer in the High Plains study area, by county, 1992.
